A Gram-stain-negative, strictly aerobic bacterium, designated KJ21
The genus Pacificibacter, member of the family Rhodobacteraceae of the phylum Proteobacteria, was first described by Romanenko et al. [1] . At the time of writing, the genus Pacificibacter contains only two species with validly published names, Pacificibacter maritimus [1] and Pacificibacter marinus [2, 3] ; both were isolated from marine environments. Cells of the genus Pacificibacter are Gramstain-negative, obligately aerobic and non-motile rods containing ubiquinone-10 (Q-10) as the predominant isoprenoid quinone and phosphatidylcholine (PC), phosphatidylglycerol (PG) and diphosphatidylglycerol (DPG) as polar lipids [1] [2] [3] . Sea-tidal flats (called getbol in Korea) are broad, low-gradient coastal marsh, or muddy areas that play important ecological roles in the restoration of coastal ecosystems and nutrient cycling and they are widely distributed on the west and south-west coast of the Korean peninsula. They contain huge numbers of marine animals such as worms, molluscs and crabs, and diverse bacteria have been isolated recently from sea-tidal flats [4] [5] [6] [7] . In this study, we isolated a member of a presumably novel species belonging to the genus Pacificibacter, designated strain KJ21 T , from a tidal flat and characterized its taxonomic properties using a polyphasic approach.
Strain KJ21
T was isolated from a tidal flat of the Gangjin bay (34 32¢ 06 † N 126 78¢ 79 † E) in South Korea. The tidal flat sediment sample was serially diluted with artificial seawater (ASW; per litre: 20 g NaCl, 2.9 g MgSO 4 , 4.53 g MgCl 2 . 6H 2 O, 0.64 g KCl and 1.75 g CaCl 2 . 2H 2 O), spread on marine agar (MA; BD) and incubated at 25 C for 3 days under aerobic conditions. The colonies grown on MA were randomly selected, and their 16S rRNA genes were PCRamplified using the universal primers F1 and R13, as described previously [8] . The PCR amplicons were doubledigested with HaeIII and HhaI, and their RFLP patterns were analysed on 2.5 % (w/v) MetaPhore agarose (BioWhittaker) gels. Representative PCR amplicons with unique fragment patterns were sequenced using the F1 primer, and the resulting 16S rRNA gene sequences were compared with those of type strains of species with validly published names using the Nucleotide Similarity Search program in the EzTaxon-e server [9] . From the 16S rRNA gene sequences analysis, a member of a putative novel species belonging to the genus Pacificibacter of the family Rhodobacteraceae, designated strain KJ21
T , was selected for further phenotypic and phylogenetic analyses. In addition, the 16S rRNA gene amplicon of strain KJ21
T that was PCR-amplified by F1 and R13 primers was further sequenced using the universal primers 340F, 518R and 805F [10] T were used as reference strains for the comparisons of phenotypic properties and fatty acid analysis.
The 16S rRNA gene sequences of strain KJ21 T (1420 nucleotides) and closely related type strains were aligned using the fast secondary-structure aware Infernal aligner available in the Ribosomal Database Project (RDP) [11] . Phylogenetic trees based on the neighbour-joining (NJ) and maximum-parsimony (MP) algorithms were reconstructed using the PHYLIP software (version 3.695) [12] , and their topologies were evaluated through a bootstrap analysis based on a 1000-resampled dataset. A phylogenetic tree with bootstrap values based on the maximum-likelihood (ML) algorithm was also reconstructed using RAxML-HPC BlackBox (version 8.2.4) of the Cyber-Infrastructure for Phylogenetic Research project (CIPRES, www.phylo.org; [13] ). An additional taxonomic analysis was performed using the RDP naïve Bayesian rRNA Classifier tool (http:// rdp.cme.msu.edu/classifier; [14] ). DNA-DNA relatedness between strain KJ21
T and the type strains of P. maritimus and P. marinus was evaluated by DNA-DNA hybridization (DDH) using a genome-probing microarray method, as previously described by Chang et al. [15] . The DDH experiments were conducted in triplicate and confirmed by reciprocally interchanging DDH between probe and target DNA. Signals produced by hybridization of probes to homologous target DNAs were taken to be 100 %, and signal intensities produced by self-hybridization by the series of dilutions were used to calculate the levels of DNA-DNA relatedness between strain KJ21
T and the type strains of P. maritimus and P. marinus.
The phylogenetic tree based on the NJ algorithm displayed that strain KJ21
T formed a tight phylogenic lineage with the members of the genus Pacificibacter within the family Rhodobacteraceae with a 100 % bootstrap value (Fig. 1) . Phylogenetic trees based on the ML and MP algorithms also supported that strain KJ21
T formed a tight phylogenic lineage with the members of the genus Pacificibacter (Fig. 1) . The taxonomic analysis using the RDP Classifier tool also showed that strain KJ21
T was classified as a member of the genus Pacificibacter at an 80 % confidence threshold. Comparative analysis based on the 16S rRNA gene sequences revealed that strain KJ21
T was most closely related to P. maritimus KMM 9031 T and P. marinus HDW-9 T with 98.7 and 98.4 % sequence similarities, respectively. The 16S rRNA gene sequence similarity between strain KJ21
T and Aquimixticola soesokkakensis DSSK2-3 T , which were clustered together in the phylogenetic trees, was relatively low (96.1 %). The levels of DNA-DNA relatedness between strain KJ21
T and the type strains of P. maritimus and P. marinus were 46.9±4.2 % and 39.8±5.7, respectively, which were clearly below the 70 % threshold generally accepted for species delineation [16] . These results clearly suggest that strain KJ21 T represents a novel species of the genus Pacificibacter.
Growth of strain KJ21
T was tested on R2A agar (BD), laboratory-prepared Luria-Bertani (LB) agar, nutrient agar (NA; BD), tryptic soy agar (TSA; BD) and MA (BD) at 30 C for 3 days. R2A agar, LB agar, NA and TSA were prepared with approximately 2 % (w/v) NaCl concentrations. Growth of strain KJ21
T at different temperatures (4, 10, 15, 20, 25, 30, 35 and 40 C) and pH values (pH 5.0-9.5 at 0.5 pH unit intervals) was evaluated in MB for 3 days. MB media with pH values below pH 7.0 and between pH 7.5 and 9.5 were prepared using Na 2 HPO 4 /NaH 2 PO 4 and Tris/HCl buffers, respectively [17] . The pH values were checked again after sterilization (121 C for 15 min) and adjusted if necessary. Growth of strain KJ21
T at different NaCl concentrations (0-10 %, w/v, at 1 % intervals) was evaluated in MB prepared in the laboratory according to the BD formula. Gram staining was investigated using the bioM erieux Gram stain kit according to the manufacturer's instructions. Oxidase activity was evaluated by the oxidation of 1 % (w/v) tetramethylp-phenylenediamine (Merck), and catalase activity was tested by the production of oxygen bubbles in 3 % (v/v) aqueous H 2 O 2 [18] . For the analysis of bacteriochlorophyll a production, methanolic extracts were prepared from cells grown in MB under dark conditions and their absorption spectrum (300-900 nm) was observed using a UV-visible spectrophotometer (SynergyMx; BioTek) as described by Lafay et al. [19] . Cell morphology was investigated by transmission electron microscopy (JEM-1010; JEOL) using cells from an exponentially grown culture in MA at 30 C. Anaerobic growth was assessed on MA under anaerobic conditions (with 4-10 % CO 2 ) using the GasPak Plus system (BBL) at 30 C for 21 days. The following phenotypic properties of strain KJ21
T and the two reference strains were investigated under the same conditions in parallel. Hydrolysis of casein, starch, aesculin, tyrosine, urea, gelatin, Tween 20 and Tween 80 was tested on MA according to the methods described by Smibert and Krieg [18] and L anyí [20] . Nitrate reduction was assessed according to the method described by L anyí [20] . Additional enzymic activities, biochemical features and oxidation of various carbon sources were evaluated using API ZYM, API 20NE (bioM erieux) and the GN2 MicroPlate (Biolog), respectively, according to the manufacturers' instructions, except that cells resuspended in artificial seawater were used as inocula and the test strains were incubated at their optimal growth temperatures. Antibiotic susceptibility was tested as described previously [21] .
Strain KJ21
T grew well on MA, but did not grow on R2A agar, LB agar, NA or TSA. Cells of strain KJ21
T were Gramstain-negative, non-motile rods (Fig. S1 , available in the online Supplementary Material). Anaerobic growth of strain KJ21
T was not observed even after 21 days of incubation at 30 C. Strain KJ21 T was susceptible to the following antibiotics (g per disc): ampicillin (10), carbenicillin (100), gentamicin (30), kanamycin (30), neomycin (30), novobiocin (5), oleandomycin (15) and tetracycline (30), while the strain was resistant to lincomycin (15) . Although some phenotypic properties including catalase and oxidase activities, hydrolysis of aesculin and enzyme activities of alkaline phosphatase, esterase (C4), esterase lipase (C8), naphthol-AS-BI-phosphohydrolase and b-glucosidase were in common with those of species of the genus Pacificibacter, many other phenotypic properties such as nitrate reduction to nitrite, hydrolysis of casein, gelatin and urea, and enzyme activities of leucine arylamidase, valine arylamidase, acid phosphatase and b-galactosidase differentiated strain KJ21 T from species of the genus Pacificibacter. Physiological and biochemical characteristics of strain KJ21
T are additionally described in the species description and compared with those of the related members of the genus Pacificibacter in Tables 1 and S1 .
The DNA G+C content of strain KJ21
T was determined by the fluorometric method [22] using SYBR Green I and a real-time PCR thermocycler (Bio-Rad). Isoprenoid quinones were extracted according to the method of Minnikin et al. [23] and analysed using a model LC-20A HPLC system (Shimadzu) equipped with a diode array detector (SPD-M20A; Shimadzu) and a reversed-phase column (250Â4.6 mm, Kromasil; Akzo Nobel), as described by Komagata and Suzuki [24] . For the cellular fatty acid analysis, strain KJ21
T and the type strains of P. maritimus and P. marinus were cultivated in MB at 30
C for approximately 2 days and microbial cells were harvested at the same growth stage (exponential phase). The cellular fatty acids of microbial cells were saponified and methylated using the standard MIDI protocol. The fatty acid methyl esters were analysed by a gas chromatography (model 6890; Hewlett Packard) and identified by using the TSBA6 database of the Microbial Identification System (Sherlock version 6.0B; [25] ). The polar lipids of strain KJ21 T , P. maritimus JCM
0.01

Stappia stellulata DSM 5886 T (AUIM01000013)
Aquimixticola soesokkakensis DSSK2-3 T (KJ794108)
Pacificibacter aestuarii KJ21 T (KC195795)
Pacificibacter maritimus KMM 9031 T (AB558927)
Pacificibacter marinus HDW-9 T (GQ243422)
Litoreibacter meonggei MA1-1 T (JN021667)
Litoreibacter halocynthiae P-MA1-7 T (JX644172)
Litoreibacter ascidiaceicola RSS4-C1 T (KJ410763)
Litoreibacter albidus KMM 3851 T (AB518881)
Litoreibacter janthinus KMM 3842 T (AB518880)
Litoreibacter ponti GJSW-31 T (KJ729031)
Aliiroseovarius crassostreae CV919-312 T (AF114484)
Aliiroseovarius sediminilitoris M-M10 T (JQ739459)
Sulfitobacter geojensis MM-124 T (JASE01000005)
Sulfitobacter noctilucae NB-68 T (JASC01000002)
Sulfitobacter pacificus SCM2-10 T (AB934383)
Sulfitobacter litoralis Iso 3 T (DQ097527)
Sulfitobacter mediterraneus KCTC 32188 T (JASH01000023)
Sulfitobacter pontiacus ChLG-10 T (Y13155)
Pseudopelagicola gijangensis YSS-7 T (KF977839)
Planktotalea frisia SH6-1 T (FJ882052)
Halocynthiibacter namhaensis RA2-3 T (JWIF01000056)
Thalassobius maritimus GSW-M6 T (HM748766)
Thalassobius mediterraneus XSM19 T (AJ878874) T were analysed chromatographically by TLC using cells harvested after 2 days of incubation at 30 C, according to the procedure described by Minnikin et al. [26] . The following reagents were used to detect different polar lipids: 10 % ethanolic molybdophosphoric acid (for total polar lipids), ninhydrin (for aminolipids), Dittmer-Lester reagent (for phospholipids), anaphthol (for glycolipids) and Dragendorff reagent (for choline).
The genomic DNA G+C content of strain KJ21
T was approximately 53.9 mol%, which was in the range of the DNA G+C contents of other species of the genus Pacificibacter ( Table 1 ). The isoprenoid quinone of strain KJ21 T was Q-10, which was in agreement with those detected from other members of the genus Pacificibacter [1-3] . The major cellular fatty acids (>5 % of the total fatty acids) of strain KJ21
T were summed feature 8 (comprising C 18 : 1 !7c/C 18 : 1 !6c), C 16 : 0 , 10-methyl C 19 : 0 and C 10 : 0 3-OH. The overall fatty acid profile of strain KJ21 T was similar to those of other members of the genus Pacificibacter; there were some differences in the respective proportions of some fatty acid components such as C 16 : 0 , 11-methyl C 18 : 1 !7c, C 12 : 1 3-OH and anteiso-C 15 : 0 ( Table 2) . The major polar lipids of strain KJ21
T were PC, PG, DPG, an unknown aminolipid and an unknown lipid. Two [2, 3] . All strains are positive for the following characteristics: catalase, oxidase, hydrolysis of aesculin (this study), enzyme activity (this study) of alkaline phosphatase, esterase (C4), esterase lipase (C8), naphthol-AS-BI-phosphohydrolase and b-glucosidase, and assimilation of D-glucose (this study). All strains are negative for the following characteristics (all data from this study): hydrolysis of starch, tyrosine, Tween 20 and 80, reduction of nitrate to nitrogen, indole production, fermentation of glucose, enzyme activity of arginine dihydrolase, lipase (C14), cystine arylamidase, trypsin, a-chymotrypsin, a-galactosidase, b-glucuronidase, a-glucosidase, N-acetyl-b-glucosaminidase, a-mannosidase and a-fucosidase, and assimilation of D-mannose, D-mannitol, N-acetylglucosamine, potassium gluconate, capric acid, adipic acid, malic acid and phenylacetic acid. +, Positive; À, negative. *These analyses were conducted under the same conditions in this study. unknown phospholipids and three unknown lipids were also detected as the minor polar lipids (Fig. S2) . The profile of the polar lipids in strain KJ21 T was well in accordance with those of other members of the genus Pacificibacter (Fig. S2 ). In conclusion, the physiological and chemotaxonomic features and the phylogenetic inference support the proposition that strain KJ21
T represents a novel species of the genus Pacificibacter, for which the name Pacificibacter aestuarii sp. nov. is proposed.
DESCRIPTION OF PACIFICIBACTER AESTUARII SP. NOV.
Pacificibacter aestuarii (ae.stu.a¢ri.i. L. gen. n. aestuarii of an estuary, isolated from estuary sediment). 
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